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Summary
　Citrus is one of the most economically important fruit species in the world. The fruit is rich in the second 
metabolites for beneficial for human health, with diverse colors, fragrances and tastes. In addition, citrus is 
among the most difficult plants to improve through cross breeding approaches and to analyze physiologically 
varietal characteristics because of its the polyembryony, male sterility or self-incompatibility. Genome science 
technologies have advanced rapidly over the last decade, and have been adapted to address the challenges of the 
citrus breeding and physiological analysis. Expressed sequence tag (EST) analysis, DNA markers, linkage 
mapping and quantitative trait locus (QTL) analysis have promoted the efficient selection systems and analysis of 
gene expression. Remarkably, three genome assemblies have been released to the public since 2011. Despite the 
challenges of working with citrus to understand the important characters of citrus, the result is insufficient. 
Expression analysis of many genes related to important characters and analysis of genome-wide genotyping 
among many varieties or the combination of these two analyses is necessary to understand important characters 
of citrus. This study was performed to provide the basis for comprehensive use of citrus genome information, 
which has been accumulated quickly.
1. 22K citrus oligoarray analysis of gene 
expression in mature mandarin fruit
1)　Profilingethylene-responsivegenes inmature
mandarinfruitusingacitrus22Koligoarray
　A comprehensive transcriptome analysis using a citrus 
22K oligo-microarray was performed to identify ethylene-
responsive genes and gain an understanding of the 
transcriptional regulation by ethylene in Satsuma 
mandarin fruit (Citrus unshiu Marc.). Seventy-two hours 
after ethylene treatment of mature fruit, 1,493 genes were 
identified as ethylene-responsive, with more than 3-fold 
expression change. Interestingly, more than half of the 
ethylene-responsive genes were repressed after ethylene 
treatment. This might suggest that ethylene inhibits 
various biological processes and plays an important role 
in fruit ripening and senescence. Ethylene repressed the 
transcription of many genes involved in photosynthesis, 
chloroplast biogenesis, and sugar metabolism, while it 
induced the transcription of several genes related to 
resistance, defense, stress, amino acid synthesis, protein 
degradation, and secondary metabolism. 
2)　Profilinggibberellin (GA 3)-responsivegenes in
maturefruitusingacitrus22Koligoarray
　Gibberellin3 (GA 3)-responsive genes were investigated 
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with a citrus 22K oligo-miciroarray to gain further the 
understanding of the transcriptional regulation by GA 3 
treatment in Satsuma mandarin fruit. 213 GA 3-responsive 
genes were identified that showed a 3-fold or greater 
expression change after 72h of GA 3 treatment of mature 
fruit, compared with expression after 72 h of air treatment. 
GA 3 treatment induced the expression of pathogenesis-
related (PR) proteins and genes that function in 
photosynthesis, chloroplast biogenesis, resistance, 
defense and stress. Also, GA 3 treatment reduced the 
transcription of several ethylene-inducible genes, such as 
carotenoid metabolic genes, which are associated with 
fruit ripening. Contrasting ef fects between GA 3 and 
ethylene were observed. The endogenous GA 3 level might 
be important for the endogenous regulation of maturation 
and senescence in mature citrus fruit. 
2. An algorithm and computer program for 
the identification of minimal sets of 
discriminating DNA markers for efficient 
cultivar identification
　DNA markers are frequently used to analyze crop 
varieties, with the coded marker data summarized in a 
computer-generated table. Such summary tables often 
provide extraneous data about individual crop genotypes, 
needlessly complicating and prolonging DNA-based 
dif ferentiation between crop varieties. At present, it is 
difficult to identify minimal marker sets–the smallest sets 
that can distinguish between all crop varieties listed in a 
large marker–summary table-because of the absence of 
algorithms capable of such characterization. Here, we 
describe the development of just such an algorithm based 
on combinatorial optimization and the computer program, 
named MinimalMarker. MinimalMarker is available for 
use with both dominant and co-dominant markers 
regardless of the number of alleles, including simple 
sequence repeat (SSR) markers with numeric notation.
3. High-throughput genotyping in citrus 
accessions using an SNP genotyping array
　A 384 multiplexed single nucleotide polymorphism 
(SNP) genotyping array, named CitSGA-1, for the 
genotyping of citrus cultivars, was developed, and the 
per formance and reliability of the genotyping were 
evaluated. SNPs were detected in cultivars representing 
the genetic diversity of citrus currently bred in Japan. The 
assay using CitSGA-1 was applied to a hybrid population 
of 88 progeny and 103 citrus accessions for breeding in 
Japan. A total of 351 SNPs could call different genotypes 
among the DNA samples. To confirm the reliability of 
SNP genotype calls, parentage analysis was used, which 
indicated that the numbers of reliable SNPs were 276. 
Using 7 SNPs that were identified by MininalMarker, all 
germplasm accession could be discriminated from each 
other. The SNP genotyping array reported here will be 
useful for the efficiently constructing linkage maps, for 
the detection of markers for marker-assisted breeding and 
for the identifying of cultivars.
　By developing two genomic tools in this study, 
comprehensive and high-throughput gene expression 
analysis and genotyping have become accessible. In 
addition, the bioinformatics tool has developed to use the 
genomic tools thoughtfully. These tools are available as 
the research base for detection of regulatory genes which 
control trait, linkage mapping and maker aided selection.
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